INTRODUCTION
This is a preliminary investigation of radiolarianbearing sediments recovered from the four DSDP Leg 57 sites drilled on the west wall of the Japan Trench. The site locations are as follows: The majority of the sedimentary material recovered is Neogene and contains assemblages of radiolarians rich and diverse enough to allow biostratigraphic analysis.
From such an analysis, a Neogene radiolarian biozonation is proposed for the region studied. Paleogene and Cretaceous strata were recovered at Site 439, but the poor preservation and diversity of radiolarians inhibited analysis of these sediments. Reworking of Cretaceous radiolarians into Oligocene sediments (dated by Keller, this volume) lacking an Oligocene radiolarian fauna precluded age assignments in the lower portion of Hole 439.
Sites 438 and 440 provide excellent Neogene radiolarian sections and may prove invaluable for correlation of radiolarian events to those of other fossil groups, especially diatoms. The zonation proposed in this report is developed basically from these sections. Site 440 is especially appropriate for the recognition of Pliocene to Pleistocene zones because this interval is represented by an expanded sedimentary section. The continuous section recovered at Site 438 makes it useful for the lower Miocene to Recent interval.
SCOPE
Radiolarian biostratigraphy comprises the majority of this investigation. Preliminary radiolarian paleoecologic results are reported herein, but a more detailed analysis is required and is forthcoming (Reynolds, in preparation) .
The provincialism of radiolarians has been well documented and has inhibited worldwide correlations. Materi-als recovered on DSDP Leg 57 has afforded the opportunity to correlate a number of the "warm"-water or low-latitude radiolarian datums of Riedel and Sanfilippo (1970 , 1977 , 1978 to the "cold"-water or middle-or high-latitude radiolarian datums of Hays (1970) , Forman (1975) . This has led to the development of a Neogene radiolarian biozonation containing datums of both "warm"-and "cold"-water radiolarians. Because this is a preliminary investigation, only the most ostensive and consistent datums are reported and used in the zonation.
METHODOLOGY AND PRESENTATION OF RESULTS Samples were prepared for microscopic examination using the standard radiolarian preparation techniques of Riedel (1957) and Riedel and Sanfilippo (1977) . When possible, three samples per core, with an interval of approximately three meters between them, were examined. Preliminary measurements and observations were made from these samples.
Species abundance (Tables 1-8 ) was determined by counting the number of individuals of a particular species per slide. Two slides were made for each sample and species categorized as follows: 1 = 1-4 individuals per slide; 2 = 5-9 individuals per slide; 3 = 10-14 individuals per slide; 4 = 15-24 individuals per slide; 5 = 25-34 individuals per slide; and 6 = more than 35 individuals per slide. A dot (•) indicates that only one isolated individual was observed in the two slides. Not all of the species observed in this study are reported herein-only those with apparent biostratigraphic importance. The most consistently abundant groups encountered are the spongodisciids, actinomiids, and litheliids.
Relative preservation and total abundance of the radiolarian assemblages examined were also determined for each sample. Preservation is ranked as follows: Poor (P) = over 50 per cent of the specimens are broken and/or show signs of dissolution; moderate (M) = 50 to 25 per cent of the specimens are broken and/or show signs of dissolution; and good (G) = less than 25 per cent of the specimens are broken and/or show signs of dissolution. Abundance is characterized as follows: rare (R) = radiolarians comprise less than 5 per cent of all the sediment material on the slide; few (F) = radiolarians comprise between 5 to 33 per cent of all the sediment material on the slide; and common (C) = radiolarians comprise more than 33 per cent of all the sediment material on the slide. To make these ratings meaningful the following average values were assigned: A slide with moderate preservation and an abundance measurement of few contains approximately 200 radiolarians, with a range of from about 120 to 280. G  1  2  1  1  1  1  1  1  1  2  1  1  2  1  438-7-5,20-22  F  G  1  1  1  1  1  1  2  1  2  2  2  1  1  1  438-8-1,125-127  F G  1  2_J  1  1 -«  2  2 2  11   438-8-3,10-12  F G  1 1  1 2  1  1 2  1  1  1  1221  438-8-5, 7-9  F G  1  12  1  1  1  1 1  3 1  1 3  2 1  438-9-1,104-106  R G  2  1  2  1  1  2  1 1  1  438-9-3,110-112  F G  1  1  1 1 2  1  1 2  1  438-10-1,54-56  F G  2  1  1  1 1 R G  1 1  1 1  23  1  1  1  1  1  2  2  1  438-12-5,40-42  F G 1  1  12  1  2  1  1  1  2  1  3  2  1  438-12, CC  F G * 1  1 1 2  2  3  1  1  1  1  1  1  4  1  1  ll Tables 1 through 8 summarize the foregoing measurements and observations and give the reader an idea of relative abundance and consistency of occurrence of the species used for biostratigraphic analysis. It is from these tables that the list of datums recognized in each hole is constructed (see Table 9 ). Table 9 was developed using the maximum range of the selected species and placing the first (B) or last (T) occurrence datum of that species in its proper relative position, except when there was obvious reworking. Transitions from one species to another-for example, from Stichocorys delmontensis to Stichocorys peregrina-are also reported and represent the stratigraphic level at which the descendant became more abundant upsection, in the same sense as the evolutionary boundaries of Riedel and Sanfilippo (1971) . Core barrel and section numbers, with their associated depths in meters below the sediment surface, indicate the location of each datum recognized in the different holes. Depths should increase from the top of the table to the bottom. Arrows indicate if a datum is depressed (t) or elevated (I) in the hole relative to the observed maximum range of the species. Elevations of bottoms and depressions of tops are accounted for by poor representation of that particular species in the hole. The number of holes containing arrows for a particular datum indicates the reliability of that datum.
Range charts (Figures 1, 2 , and 3) are produced from Tables 1 to 9. Figure 1 is a range chart for Hole 438A. The dashed lines indicate the maximum range of a species as interpreted from the other holes. Figure 2 shows the range of several Pleistocene species found in the upper part of Holes 440 and 440A and its relationship to other radiolarian biozonations. A range chart is produced for the lower portion of Hole 438B for the middle and lower Miocene (see Figure 3) . The dashed lines are inferred ranges extrapolated from Holes 438A and 439. These charts are presented to aid in the use of the proposed radiolarian zonation.
BIOSTRATIGRAPHY
The radiolarian zonations proposed by Riedel and Sanfilippo (1970 , 1977 , 1978 were not applicable to the samples examined from Leg 57, primarily because of the influx of cold water into the study area by the Oyashio Current from the north. However, several of the datums in their zonations were present and are used to correlate these zonations to the one developed in this study (see Figure 4) .
As an alternative to applying the Riedel and Sanfilippo zonations, those developed and/or used by Hays (1970) , Forman (1975) were implemented. These biozonal schemes extend from upper Miocene to Recent. Older strata had previously been fitted into the zonal scheme of Riedel and Sanfilippo Forman, 1975) . These assignments relied on the presence of such warm-water radiolarians as Cannartus petterssoni and Ornmatartus antepenultimus, which apper to invade high-latitude waters. Placement of strata into a radiolarian zone which does not contain the nominate species requires indirect correlation. For example, placed the lower portion of DSDP Site 173 in the Calocycletta costata Zone, though he lacked the nominate species, C. costata, and did not recognize the transition of Dorcadospiris dentata to D. alata. The presence of Cannartus violina indicated that this section might be of the Calocycletta costata Zone.
In order to avoid such difficulties, I have presented a new Neogene radiolarian biozonation. Correlation of the radiolarian zonation of Riedel and Sanfilippo (1977, 1978) to the zonation presented herein was furnished using the datums listed in Table 9 . This Neogene radiolarian zonation is composed of 16 zones, 9 of which are new. Use of this temperate radiolarian zonation in other high-and low-latitude regions appears to be favorable, because it is based primarily on species present in warmwater as well as in cold-water regions. Therefore it may serve as a link between high-and low-latitude radiolarian zonations.
Description of Zonation
Botryostrobus aquilonaris Zone (Hays, 1970) The base of the Botryostrobus aquilonaris Zone is defined by the last occurrence of Axoprunum angelinum. and the top extends into Recent sediments. The B. aquilonaris Zone as used herein is equivalent to the Artostrobium miralestensis Zone of , the A. tumidulum Zone of Forman (1975) , and the Eucyrtidium tumidulum of Hays (1970) . The last occurrence of Stylacontarium acquilonium occurs slightly above the base of this zone. An absolute age of 0.4 m.y. has been assigned to the base of the zone by Hays (1970) . Sites 438 (Sections 438-1-1-438-2-5 and 438A-1-1-438A-1, CC), 440 (Sections 440-1 -1-440A-1-5), and 441 (Sections 441-1-1-441-1,CC) contain strata representing this zone.
Axoprunum angelinum Zone (Kling, 1973)
The top of this zone is defined by the last common occurrence of Axoprunum angelinum and its base by the last occurrence of Eucyrtidium matuyamai. It is equivalent to the Axoprunum angelinum Zones of Forman (1975) and the Stylatractus universus Zone of Hays (1970) . The first occurrence of Lychnocanium sp. cf. L. grande occurs near its base. This zone is recognized at Sites 438 (Sections 438-3-1-438-5-1 and 438A-2-1-438A-3-5), 440 (Section 440A-3-1-440B-7-3), and 441 (Section 441-2-1). Hays (1970) has correlated the base to the Jarmillo Event (0.9 m.y., Cox, 1969) . Hence the zone is assigned to the Pleistocene. (Hays, 1970 emend. Kling, 1973 The base of this zone is defined by the transition of Eucyrtidium calvertense to E. matuyamai, and the top is equivalent to the base of the Axoprunum angelinum Zone. The Eucyrtidium matuyamai Zones of Forman (1975) • , i ! 18 111 1 ε * , Illicit, I 1 l l i l i i l l i l l l l l l l i i l l l l l i i l l a l^l i i i^l i l i t l i Lamprocyrtis heteroporos Zone (Hays, 1970 emend. Kling, 1973 The base of this zone is defined by the last occurrence of Stichocorys peregrina (2.8 m.y., Hays, 1970) . Near the top, which is defined as the transition from Eucyrtidium calvertensis to E. matuyamai, the following important datums may be found: the first appearance of E. matuyamai (1.8 m.y., and the coeval last occurrences of Prunopyle titan, Lamprocyrtis heteroporos, and Clathrocyclas cabrilloensis. The L. heteroporos Zone of Hays (1970) correlates in part with this zone. The L. heteroporos Zones of Forman (1975) are equivalent to it. The L. heteroporos Zone correlates partly with the lower part of the Pterocanium prismatium Zone of Riedel and Sanfilippo (1977) . It is Pleistocene at its uppermost level but is predominantly Pliocene in age. Sites 438 (Sections 438-5-5-438-12-5 and 438A-5-1-438A-12-1), 440 (Sections 440B-19-5-440B-35-1). and 441 (Sections 441-3, CC-441-7-1) possess intervals representative of this zone. Riedel and Sanfilippo (1977) .
Eucyrtidium matuyamai Zone
F G 1 1 1 1 1 2 438A-28-6, 3t)-32 [ F | G | | 1 1 | | j | 1 | 1 | 1 11C G * 1 1 1 J 1 1 438A-41-3, 141-143 C G 1 1 1 1 1 1 1 1 1 438A-41-5, 95-97 CGI 11 1 1 1 438A-4 2-1, 82-84 C G * 1 2 1 1 1 1 1 1 1 1 438A-42-3, 112-114 C G 1 1 1 1 1 1 1 1 1 438A-42-5, 89-91 C G i l l 1 1 1 1 2 1 1 1 1 438A-43-2, 39-41 C G 1 1 1 1 1 1 1 1 438A-43-4,49-51 C G 1 1 1 1 1 1 1 1 1 1 1 11 438A-43-6, 100-102 C G 1 1 1 11 438A-44-1, 94-96 R G 1 438A-44-3, 117-118 R _G 1 1 1 1 438A-44-5,76-78 R G 1 1 1 438A-45-1, 130-132 R G 1 1 438A-45-3, 120-122 F G 1 1 1 1 1 1 2 1 438A-45-5, 124-126 R G 1 1 1 1 1 438A-46-2,91-93 R G 1 1__J 1 438A-46-4,91-93 R G 1 1 1 1 11 438A-46-6, 130-132 F G 1 1 1 1 1 1 1 1 11 438A-47-1,74-76 R G 1 1 1 1 1 438A-47-3, 74-76 F G 1 1 1 1 1 1 1 1 438A-47-5, 136-138 F G 1 1 1_ _J 1 | J_ 438A-48-1, 12-14 R G 1 1 1 438A-48-3,31-33 F G 1 1 1 1 1 1 1 438A-48-5, 50-52 F G 1 1 1 1 438A-49-1,20-22 F G 1 1 1 1 438A-49-3,1 1 1 1 1 2 1 1 1 2 1 2 2 1 1 1 1 2 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21 1 1 2 1 1 1 1 1 2 2 1 1 1 1 1 1 2 1_J 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 2 1 1 1 1 1 1 2 1 1 1 1 1 2 1 1 1 1 2 1 1 1 1 1 2 1 1 1 2 2 1 1 1 1 1 1 1 1 1 1 2 2R G 1 1 l 438A-55-2, 119-121 F G 1 1 1 1 1 11 1 l 438A-55-4, 119-121 C _G_ _ J 1 1 1 1 1 \ ! 438A-55-6,96-98 C G 1 1 1 11 1 1 1 438A-56-2, 85-87 C G 1 1 1 1 1 l l 438A-56-4, 85-87 F G 1 1 1 438A-56-6,85-87 C G 1 1 1 l 438A-57-2, 108-110 F G * _1 1 1 }__ y 438A-5 7-4, 108-110 C G 1 1 1 11 l 438A-58-1, 31-33 C G 1 1 1 1 1 1 1 1 1 438A-59-1, 10-12 C G 1 1 1 1 1 1 1 l 438A-59-3, 10-12 C G 1 1 1 11 11 l ! 438 A-5 9-5, 10-12 C G 2 1 1 11 1 | j \ l l 438A-60-1, 30-32 C ~G~ * 1 1 1 1 11 l l 438A-60-3, 15-17 F G 1 1 1 438A-60, CC F M 1 1 1 11 l l 438A-62-1,31-33 C G 1 1 1 1 1 1 221 1 438A-63-1,120-124 C G 1 1 1 1 1 1 [ |_ 438A-64-1, 14-16 C G 1 1 1 1 1111 438A-64-3, 17-19 C G 1 1 1 1 11 11 438A-64-5, 30-33 CGI 11111 438A-65-1, 138-140 C G 1 1 1 11 1 l 438A-65-3, 124-126 C G 1 1 1 111 1__J \ 438A-65-5,80-82 C G 1 1 1 11 111 11 438A-66-2, 31-34 F G 1 1 1 1 l 438A-67-1,132-133 C G 1 1 1 1 12 1 438A-68-1, 105-109 C G 1 1 11 ' 438A-68-5, 74-77 F G 1 1 1 1 _j 438A-68, CC C~ ~G 2 I I I I 1 2 1 438A-70-1,54-56 F M 1 1 111 438A-70-3,30-34 C G 1 1 11 ' 438A-70-5, 133-135 C G 2 1 1 1 1 ' 438A-71-1, 23-25 C _G_ _l 1 | 2 1 438A-71-3, 34-36 F M 1 1 12 1 438A-71-5, 128-130 F M 1 1 11 438A-72-1, 17-18 F G 1 1 1 438A-72-3,8-9 F G 1 1 438A-72-5, 13-16 F _G 1 1 1 \ 438A-73-2, 135-137 C G 2 1 1 12 1 1 438A-73-4, 135-137 C G 1 1 11 l 1 438A-73-6, 135-137 C G 2 1 1 1 11 11 ! 438A-74-1,102-104 F G 1 1 11 438A-75-1, 36-38 F G _i 1 1 1 1 . 438A-76-1,88-90 F G 1 11 1 ' 438A-77-1,64-66 C G 1 1 11 11 4 38A-7 8-1, 100-102 C G 1 1 1 1 1 1 2 1 1 438A-78-3,90-92 C G 1 1 1 1 1 12 438A-79-2,101-104 F G 1 1 11 1 1 J 438A-79-4, 102-104 C G 1 1 1 1 11 12 438A-79-6,102-104 C G 1 1 1 438A-80-2,90-92 C G 1 1 1 1 1 11 l l 438A-80-4,43-45 F G 1 1 11 438A-80.CC F _M 1 1 1 438A-82-2, 116-118 ~~F M 1 l 438A-82-4, 12-14 R M 1 ! 438A-82, CC F G 1 1 1 11 i * 438A-84-2, 34-36 R M 438A-85-2, 22-24 F M 1 \ 438A-85-4,24-26 F M 1 1 1 ! 438A-85, CC F M 1 1 438A-86, CC R M 11 I I I 1 O JJ Q. 3 V,i ill i i i hi i ii If h 438B-2,CC CG 2 1 2 1 l l l l l 1 1 1 1 1 1 2 2 2 1 1 1 1 2 2 1 1 438B-3-3, 28-30 F G 1 1 1 2 1 438B-4-1, 94-96 F G 1 11 2 2 1 1 438B-4-3, 37-40 C G 1 1 1 2 1 1 2 1 1 1 1 1 1 438B-4-5, 50-53 F M 1___2 2 1 2 1_ 438B-5-1, 118-120 F M 1 1 2 438B-6-1, 98-100 F M 2 1 1 3 1 2 11 438B-6-3,20-24 F G 1 1 1 1 1 1 2 1 438B-7-1, 130-132 F G 1 2 1 438B-7-3, 101-104 F G 1 1 1 2 1 1_ 438B-8-1,F F C C F C c F C C F C c c c c c c t cC G G G G G G G G G G G G G G G G G G G
Sphaeropyle langii
Zone (Forman, 1975) The base of this zone is defined as the first occurrence of
Theocorys redondoensis Zone (new zone)
The base of this zone is defined by the transition of Stichocorys peregrina from S. delmontensis. The top is the base of the Sphaeropyle langii Zone. Intervals from Sites 438 (Sections 438A-33-2-438A-42-1), 440 (Sections 440B-55-3-440B-63-1), and 441 (Sections 441A-8,CC-441B-2,CC) contain sediment representing this zone. The upper Miocene Stichocorys peregrina Zone of Forman (1975) is wholly equivalent to it. The S. peregrina Zones of Riedel and Sanfilippo (1977) and are partially equivalent to it. This is not to imply, however, that the boundaries are time-equivalent. The first occurrence of Lipmanella sp. aff. Theocorys redondoensis occurs within this zone.
Ommatartus penultimus Zone (Riedel and Sanfilippo, 1970)
The top of this zone is the base of the Theocorys redondoensis Zone and the base is defined as the transition from Ommatartus antepenultimus to O. penultimus. This upper Miocene zone is synonymous with the O. penultimus Zones of Riedel and Sanfilippo (1977) and Forman (1975) . Auxiliary datums which appear to be nearly coeval with the top of it are the last occurrences of O. hughesi, O. penultimus and O. sp.B. Holes 438A (Sections 438A-42-3-438A-52-6) and 440B (Sections 440B-63-3-440B-71,CC) contain strata representative of this zone. 
Ommatartus antepenultimus

Lithopera bacca Zone (new zone)
The base of this zone is defined by the last occurrence of Eucyrtidium inflatum and the top is equivalent to the base of the Ommatartus hughesi Zone. The Cannartus petterssoni Zone of Riedel and Sanfilippo (1977) correlates with most of the zone. The first occurrence of C. petterssoni occurs within the lower part, thus placing it in the middle Miocene. The first appearance of Lithopera bacca occurs at the base of the zone, as does the last occurrence of L. renzae and C. mammiferus. Hole438A (Sections 438A-63-1-438A-65-1) contains intervals which are representative of this zone.
Eucyrtidium inflatum Zone (new zone)
This zone is defined as the range of Eucyrtidium inflatum. Datums occurring within this zone are as follows (from top to bottom): First occurrence of Stichocorys peregrina, first occurrence of Lithopera neotera, coeval first occurrence of Botryostrobus bramlettei and last occurrence of Prunopyle titan form A, last occurrence of Cannartus violina, first occurrence of P. titan form A, and first occurrence of L. renzae. Strata of Holes 438A (Sections 438A-65-3-438A-78-3) and 438B (Sections 438B-3-3-438B-4-5) are assigned to this zone. The E. inflatum zone correlates in part with the Dorcadospiris alata Zone of Riedel and Sanfilippo (1977) . Therefore it is partly middle Miocene.
Sphaeropyle robusta Zone (new zone)
This zone is defined by the range of Sphaeropyle robusta prior to the first occurrence of Eucyrtidium inflatum. Several datums are nearly coeval with the base of the zone and may be useful in recognizing the base. They are as follows: First appearance of Collosphaera sp. A, Clathrocyclas cabrilloensis, Clathrocyclas bicornis, Cannartus mammiferus, and transition from C. violina to C. mammiferus. The zone is in part correlative with the Calocycletta costata Zone of Riedel and Sanfilippo (1977) , indicating that it is at least in part lower Miocene. Intervals in Holes 438A (Sections 438A-79-2-438A-82,CC), 438B (Sections 438B-5-1-438B-10-1) and 439 (Section 439-11-1) are assigned to it.
Lithocarpium polyacantha Zone (new zone)
This zone is defined by the range of Lithocarpium polyacantha prior to the first occurrence of Sphaeropyle robusta. Two datums are present within it. The uppermost is the first occurrence of Theocalyptra bicornis and the other is the first occurrence of Collosphaera 
P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P pyloma. Holes 438A (Sections 438A-84-2-438A-86,CC) and 438B (Sections 438B-11-1-438B-13,CC) contain strata assigned to the zone. It probably correlates with part of the Calocycletta costata Zone and possibly with part of the C. virginis Zone of Riedel and Sanfilippo (1977) as well.
Stylacontarium acquilonium
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Stichocorys armata Zone (new zone)
This zone is defined by the range of Stichocorys delmontensis prior to the first appearance of Lithocarpium polyacantha. The base is synonymous with the Stichocorys delmontensis Zone of Riedel and Sanfilippo (1978) . Riedel's and Sanfilippo's zone could not be recognized in the samples from DSDP Leg 57 because of the lack of Stichocorys wolffii, whose first occurrence defines the top of it. Sediments from Hole 438B (Sections 438B-15-2-438B-17-1) are placed in the Stichocorys armata Zone.
Cannartus violina Zone (new zone)
This zone is defined by the range of Cannartus violina prior to the first occurrence of Stichocorys delmontensis. This lower Miocene zone may correlate with part of the Cyrtocapsella tetrapera Zone of Riedel and Sanfilippo (1978) . Hole 438B (Sections 438B-17-3-438B-19-5) possesses radiolarian assemblages representative of the zone. 
Phormostichoartus corbula P. fistula
Siphocampe nodosaria Siphostichartus corona Prunopyle titan Zone (new zone) This zone is defined as the range of Prunopyle titan and/or Cyrtocapsella tetrapera prior to the first occurrence of Cannartus violina. It is the oldest Neogene zone recognized in the present study and contains the following datums (from top to bottom). The first occurrence of Axoprunum angelinum and the nearly coeval first occurrence of Eucyrtidium calvertense and Cyrtocapsella cornuta. The zone is interpreted to correlate with the C. tetrapera Zone of Riedel and Sanfilippo (1978) , which is lower Miocene in age. Holes 438B (Sections 438B-20-1-438B-23,CC) and 439 (Sections 438-12-1-439-21-3) contain strata assigned to this zone. No zonal assignments are made below the base of the zone because diversity is too low.
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DISCUSSION
Correlation of Sites
Using the zonal boundaries established in the proposed radiolarian zonation, it is possible to correlate the sites drilled on DSDP Leg 57 (see Figure 5) . Such a correlation reveals that the sediment thickness representing equivalent time periods is variable from one hole to another. This variation could be caused by uneven sediment accumulation rates. An obvious example of this is the greater thickness of the Botryostrobus aquilonaris Zone, Axoprunum angelinum Zone, and Eucyrtidium matuyamai Zone in the holes at Site 440 relative to the other holes. This anomaly is due to the ponding of sediment of Site 440 since the beginning of the Pleistocene. Differences in sediment accumulation rates among holes could have been caused by one or a combination of the following factors: (1) differing sedimentation rates, (2) differing ammounts of compactions, and (3) the presence of hiatuses.
Reworking
Reworking of older radiolarian assemblages into younger ones proved to be an annoying problem throughout this investigation. This type of sample contamination was usually recognized by the sporadic or isolated occurrence in younger sediments of an extinct species which is continuously present during its normal range -for example, the occurrence of Eucyrtidium inflatum in lower Pliocene sediments. The problem of determining whether or not sporadically occurring species had been reworked was difficult, because their "true" morphologic tops could not be pinpointed. This may account for the long range of some species.
Tables 1 to 8 list the samples in which reworking is readily recognized. The most intensive reworking was at Site 441, where lower to middle Miocene radiolarians nearly mask the Pleistocene to Pliocene assemblages. Reworking of predominantly Cretaceous and (possibly) early Paleogene radiolarian assemblages into the Oligocene sediments (dated by Keller, this volume) recovered from the lower portion of Hole 439 precluded radiolarian zonal assignments to these strata. 
Paleotemperatures
Paleotemperature is the only paleocologic factor presented in this report. Paleotemperatures were determined by using the presence or absence of artisciids and selected spongasters (Spongaster tetras tetras and S. pentas) in a sample. The abundance of these forms collectively was used to determine some minor variations.
Samples were categorized as either warm or cold and no absolute temperatures assigned. Figure 6 shows the results of this analysis. The asterisks indicate samples in which thin-walled collasphaerids occurred. These forms indicate warm surface waters (Casey, 1972) . Their presence within the inferred cold events probably represent pulses of warm surface water into the study area. Figure 6 also shows a paleo- -13-3 (173-176) 14-1-14-3 (183-186) 14-5-15-1 (189-192) 15-1-16-1 (192-202) 16-5-17-1 (208-211) 26-3-26-5 (300-303) 27-1-27-3 (306-309) 28-2-28-4 (317-320) 29-6-30-2 (333-336) 304 - -7-3 (197-200) 7-3-7-5 (200-203) 7-3-7-5 (200-203) 14-1-14-3 (264-266) 19-1-19-3 (311-314) 19-3-20-1 (314 321) 19-3-20-1 (314-321) 20-3-20-5 (323-326) 20-3-20-5 (323-326) 438A and S. California (after Casey, personal communication, and 1972) that this species may be the ancestor of S. acquilonium. In this study it is treated as such, and the transition between the two is very close to or at the Miocene/Pliocene boundary.
Subfamily ARTISCINAE Haeckel 1881, emend. Riedel 1967
Cannartus laticonus Riedel
Cannartus laticonus Riedel in Westberg and Riedel, 1978, p. 20, pi . 2, figs. 1-3.
Cannartus mammiferus (Haeckel)
Cannartus mammiferus (Haeckel) in Riedel and Sanfilippo, 1971, p. 1587, pi. 2C, figs. 1-3.
Botryostrobus miralestensis (Campbell and Clark)
Botryostrobus miralestensis (Campbell and Clark) in Nigrini, 1977, p. 249, pi . 1, fig. 9 .
Phormostichoartus corbula (Harting)
Phormostichoartus corbula (Harting) in Nigrini, 1977, p. 252, pi. 1, fig. 10 .
Phormostichoartus doliolum (Riedel and Sanfilippo)
Phormostichoartus doliolum (Riedel and Sanfilippo) in Nigrini, 1977, p. 252, pi. 1, fig. 14.
Phormostichoartus fistula Nigrini
Phormostichoartus fistula Nigrini, 1977, p. 253, pi. 1, figs. 11-13 .
Phormostichoartus marylandiscus (Martin)
Phormostichoartus marylandiscus (Martin) in Nigrini, 1977, p. 253, pi . 2, figs. 1-3.
Siphocampe arachnea (Ehrenberg) group
Siphocampe arachnea (Ehrenberg) group in Nigrini, 1977, p. 255, pi. 3, figs. 7, 8 .
Siphocampe nodosaria (Haeckel)
Siphocampe nodosaria (Haeckel) in Nigrini, 1977, p. 256, pi. 3, fig. 11 .
Siphostichartus corona (Haeckel)
Siphostichartus corona (Haeckel) in Nigrini, 1977, p. 257, pi. 2, figs. 5-7 .
Spirocyrtis gyroscalaris Nigrini
Spirocyrtis gyroscalaris Nigrini, 1977, p. 258, pi. 2, figs. 10, 11 .
Spirocyrtis scalaris Haeckel
Spirocyrtis scalaris Haeckel in Nigrini, 1977, p. 259, pi. 2, figs. 12, 13 .
Spirocyrtis subscalaris Nigrini
Spirocyrtis subscalaris Nigrini, 1977, p. 259, pi. 3 , figs. 1, 2.
Family EUCYRTIDIIDAE Ehrenberg 1847, emend. Petrushevskaya 1971
Clathrocyclas bicornis Hays
Clathrocyclas bicornis Hays, 1965, p. 179, pi. Ill, fig. 3 . Remark: Clathrocyclas bicornis differs from Theocalyptra bicornis by having a smaller length-to-width ratio, a much thicker wall, and i different type of internal structure.
Clathrocyclas cabrilloensis Campbell and Clark
(Plate 1, Figures 15 and 16) Clathrocyclas (Clathrocycloma) cabrilloensis Campbell and Clark, 1944, p. 48, pi. 7, figs. 1, 2 . Remark: Many different forms are grouped under this species, but all of them have surface spines.
Cycladophora davisiana (Ehrenberg) cornutoides Petrushevskaya
Cycladophora davisiana (Ehrenberg) var. cornutoides Petrushevskaya, 1967, p. 126, fig. 70 , MIL
Cycladophora davisiana davisiana (Ehrenberg)
Cycladophora davisiana (Ehrenberg) in Petrushevskaya, 1967, p. 122, fig. 69 , I-VII.
Cyrtocapsella cornuta Haeckel
Cyrtocapsella cornuta Haeckel in Sanfilippo and Riedel, 1970, p. 453, pi. 1, figs. 19, 20; Kling, 1973, pi. 11, figs. 16-18 . Remark: Individuals without truly hemispherical fourth segments are included in this species. The campanulate shape of the third segment was the principle character used to separate this species from C. tetrapera, which has a third segment with nearly parallel walls.
Cyrtocapsella japonica (Nakaseko)
Cyrtocapsella japonica (Nakaseko) in Sanfilippo and Riedel, 1970, p. 542, pi. 1, figs. 13-15.
Cyrtocapsella tetrapera Haeckel
Cyrtocapsella tetrapera Haeckel in Sanfilippo and Riedel, 1970, p. 543, pi. 1, figs. 16-18 .
Eucyrtidium acuminatum (Ehrenberg)
Eucyrtidium acuminatum (Ehrenberg) in Kling, 1973, pi. 4, figs. 20-23 .
Eucyrtidium anomalum Haeckel
Eucyrtidium anomalum Haeckel, 1862, p. 323, pi. 4, figs. 11-13 .
Eucyrtidium calvertense Martin
Eucyrtidium calvertense Martin in Kling, 1973, pi. 4, figs. 16, 18, 19; pi. 11, figs. 1-5 . Remark: Differences in size between E. calvertense and E. matuyamai was significant and was used to distinguish the two species.
Eucyrtidium hexagonatum Haeckel
Eucyrtidium hexagonatum Haeckel in Nigrini, 1967, p. 83, pi. 8, figs. 4a-b.
Eucyrtidium inflatum
Eucyrtidium inflatum Kling, 1973, p. 535, pi. 11, fig. 7 ; pi. 15, figs. 7-10.
Eucyrtidium matuyamai Hays
Eucyrtidium matuyamai Hays, 1970, p. 213, pi. 1, figs. 7-9; Kling, 1973, pi. 4, fig. 17 .
Lipmanella sp. aff. Theocorys redondoensis (Plate 1, Figures 17 and 18)
Cephalis is similar to that of Theocorys redondoensis. The primary difference between this species and its probable ancestor, T. redondoensis, is the lack of a truly spherical and robust thorax and the presence of wings that are initially three-bladed on the thorax of Lipmanella sp. aff. Theocorys redondoensis.
Lithocampe sp.
(Plate 1, Figure 19) A five-segmented species with the first four segments similar to those of species of Cyrtocapsella and Stichocorys. The fifth segment is narrower than the fourth and may be either open or closed. It may be inverted cap-shape or campanulate. This species differs from Cyrtocapsella tetrapera and C. cornuta in that their fourth segment is closed and from species of Stichocorys by the lack of more than five chambers.
Lithocampe subligata Stohr
Lithocampe (Lithocampe) subligata Stohr group in Petrushevskaya, 1975, p. 581, pi. 14, figs. 6-9, 12 .
Lithopera bacca Ehrenberg
Lithopera bacca Ehrenberg in Nigrini, 1967, p. 54, pi. 6 
